Abstract: Background. Our aim was to determine the incidence rates of head and neck cancer in Vietnamese Californians compared with other Asian and non-Asian Californians.
larynx, and hypopharynx and are most often of squamous histology. Although uncommon, they are severely debilitating because of their location. Often these tumors destroy the integrity of the surrounding organs that are crucial for swallowing and speech function. Moreover, treatments such as aggressive surgery, highdose radiation, and chemotherapy also result in significant functional morbidities including dysphasia, dry mouth, hoarseness, and facial disfigurement. Because >75% of these cancers present at a late stage, the overall cure rate for head and neck cancers remains <50% and has not changed for decades. 2 Established risk factors that have been associated with the development of head and neck cancers include tobacco consumption (both smoking and chewing), alcohol use, and the human papillomavirus (HPV). 3 Smoking and alcohol are by far the strongest risk factors for development of head and neck cancer, with substantial molecular evidence linking tobacco-related carcinogens to these cancers. 2 Moreover, mutations in P53 (TP53), a tumor suppressor protein, that have been commonly found in head and neck cancers, have also been linked to substantial tobacco and alcohol exposure. 4 Heavy tobacco users have a 5-to 25-fold higher risk of developing head and neck cancer than nonsmokers, and alcohol can further increase this risk. A recent analysis of pooled data from 17 European and American case-control studies (11, 221 cases and 16,168 controls) participating in the International Head and Neck Cancer Epidemiology Consortium revealed that the population attributable risk was 72% (95% confidence interval [CI] , 61% to 79%) for head and neck cancer from tobacco or alcohol use, of which 4% was for alcohol alone, 33% was for tobacco alone, and 35% was for overlap between tobacco and alcohol. 5 Although tobacco use has been declining in the overall U.S. population, it remains high among Vietnamese men. According to the 2007 California Health Interview Survey (CHIS), the prevalence of current smoking among Vietnamese men was 35.4% (95% CI, 22.6-48.2) which is significantly higher than that among non-Asian men (17.9%; 95% CI, 16.8-18.9 ). This high prevalence among Vietnamese men has remained relatively unchanged since 2001. 6 Moreover, heavy alcohol use has been shown to be common in Vietnamese men living in the United States and associated with an increased likelihood of smoking in these men. 7 We and others have previously found that the incidence rates of nonsmall cell lung cancer (NSCLC), another tobacco-related neoplasm, are higher in Vietnamese men than other Asian subgroups in California. 8 However, little is known about the incidence rates of head and neck cancer in this population in comparison to other Asian and non-Asian ethnic populations. We hypothesized that the incidence rates of head and neck cancer are higher for Vietnamese men in California compared to other Asian populations in the same state. To address our hypothesis, we determined the incidence rate of head and neck cancer for the Vietnamese population in comparison to other Asian populations in California according to the primary tumor site, time period, sex, and neighborhood-level socioeconomic status (SES) using data from the CCR, the state-mandated population-based cancer registry. Because we lack reliable individual data on tobacco and alcohol use in the CCR, we used the CHIS database (available at http://www.chis.ucla.edu/) to gather the data on tobacco and alcohol consumption for the different ethnic groups.
MATERIALS AND METHODS
The population-based CCR, which is not a publicly available database, records information on all cancer diagnoses in the entire state of California. The CCR has agreements with 13 other states for case-sharing purposes and maintains high-quality data standards as part of the National Cancer Institute's (NCI) Surveillance, Epidemiology, and End Results (SEER) program. Reporting of new cancer diagnoses to the CCR has been mandated by California state law since 1985, and coverage is estimated to be 99% complete. 9 Data from the CCR were obtained for incidence rates of head and neck cancer diagnosed between 1988 and 2004 in Asian ethnic populations and non-Asian racial/ethnic groups in California. The SEER*Stat software (available at http://seer.cancer.gov/seerstat/) was used to compute these rates (see below). Head and neck cancers were defined as those arising from the oral cavity, oropharynx, larynx, and hypopharynx, and were analyzed based on the primary tumor site, time period (1988-1993, 1994-1999, 2000-2004) , race/ethnicity (Vietnamese, Chinese, Japanese, Filipino, Korean, South Asian [including Asian Indians, Pakistanis, Sri Lankans, and Bangladeshis], non-Hispanic white, non-Hispanic black, and Hispanic), and sex (men, women). Tumors were classified histologically as squamous cell carcinomas (ICD-0-3 codes 8050-8089) or non-squamous tumors (ICD-0-3 histology codes others than those listed above for the individual primary site). The following ICD-0-3 site codes were used for head and neck subsite classification: C00-06 for oral cavity, C09-10 for oropharynx, C12-13 for hypopharynx and C14, and C32 for larynx. 10 From the 1990 and 2000 Census Summary File 3 (SF-3), we obtained population counts by sex, race/ethnicity, immigrant status, and 5-year age group for the state of California. Ageadjusted rates (based on the 2000 U.S. population standard) were computed using SEER*Stat software and compared by calculating rate ratios with 95% CIs. In accordance with CCR policy, rates were not calculated based on fewer than 15 cases.
The CCR records each patient's residential address at the time of diagnosis. Using this address, we determined neighborhood-level SES for each patient using an index that combines census block-group averages of education, income, occupation, and cost of living, as described previously. 11 This index was categorized into quintiles based on the state-wide distribution of neighborhood-level SES; the quintiles were then collapsed into 2 groups for ease of comparison (lower SES ¼ quintiles 1, 2, and 3; higher SES ¼ quintiles 4 and 5).
Because individual-level data on tobacco and alcohol use are not available in cancer registry data, we used data from CHIS (available at http://www.chis.ucla.edu/) to determine the population-level prevalence of tobacco and alcohol use for the Asian populations between in 2001 and 2005, an interval that fell within the larger time period that we used to determine the initial incidence rate of these cancers by race/ethnicity and sex. For cigarette use, we used the latest most completely updated dataset, which is the 2007 dataset. For the alcohol data, we pooled the available 2001 and 2003 CHIS data. In our assessment of alcohol usage, we looked at the number of drinks per day and the number of days at least 1 drink was consumed in the last month, among the Asian ethnicities. Data taken from CHIS provided a breakdown of the number of drinks per day into categories of 0, 1, 2, 3, 4, and 5 or more. For data reporting, we chose to add the percentages for 2 through 4 drinks per day. We believe that these groupings reflect light (0-1 drink/day), moderate (2-4 drinks/day) and heavy (>5 drinks/day) drinkers. Similarly, for the number of days at least 1 drink was consumed in the last month, CHIS provides an extensive breakdown into categories of 1, 2, 3, 4, 5-9, 10-20, and 21 or greater. Again for data reporting, we have summed the percentages for 1 through 9 days. We believe that grouping the numbers of day drank/month by every 10 days adequately distinguish the infrequent drinkers from the regular ones. This study was approved by the institutional review board for the Northern California Cancer Center.
RESULTS

Incidence of Head and Neck Cancers by Ethnicity
and Subsite. Table 1 shows the estimated incidence rates, with 95% CI, and case numbers of site-specific head and neck cancer by race/ethnicity and sex. The incidence rates of all head and neck cancer subsites were highest for Vietnamese men when compared to other Asian men, except for the rate of oral cavity cancers, which was highest for South Asians. Specifically, Vietnamese men had the highest incidence rate of laryngeal cancer among all Asian men in California and the difference was statistically significant when compared to all other ethnic groups of Asian men, except Koreans.
Although most Asian ethnic groups had a lower incidence rate of head and neck cancer than non-Hispanic whites, non-Hispanic blacks, and Hispanics, the incidence rates of laryngeal, oropharyngeal, and hypopharyngeal cancers in Vietnamese men approached those of Hispanic and non-Hispanic white men ( Table 1 ). The only other Asian subgroup with head and neck cancer incidence rates approaching that of Vietnamese men was Korean men. When incidence rates were stratified by histology, most of head and neck cancer cases in Vietnamese men were squamous cell carcinomas. There was no obvious difference in the incidence rate of head and neck cancer among women by Asian ethnic group (Table 1) ; however, the number of cases was too small to estimate rates in several groups, including Vietnamese women.
Because the examined period of 1988-2004 spanned more than a decade, during which incidence rates may have changed, we also examined laryngeal cancer incidence rates in 3 smaller time periods : 1988-1993, 1994-1999, and 2000-2004 (Table 2 ). The incidence of laryngeal cancer among Vietnamese men was significantly higher than that for men of other Asian ethnic groups, except Koreans, in all 3 periods.
Prevalence of Cigarette Smoking and Alcohol use in
Asian Ethnic Groups. Table 3 shows the percent of never smokers (<100 cigarettes in the entire lifetime), former smokers (at least 100 cigarettes in the entire lifetime but currently not smoking), and current smokers (at least 100 cigarettes in the entire lifetime and currently smoking) in men and women for the different Asian ethnic groups in 2007. The percentage of current and past smokers was the highest in Vietnamese and Korean men. By contrast, the percentage of current and former smokers was lowest for Vietnamese women compared to other Asian women. These rates were tabulated for adults age >18. When we tried to evaluate the rates by age groups (eg, 18-49 vs 50 or greater), the numbers became too small and the rates were unstable. However, the trend is similar for all age groups and the percentages of current and past smokers were consistently highest in Vietnamese and Korean men. With regard to the relationship between smoking and alcohol use, the CHIS database only allowed us to determine the smoking status for non-binge drinkers and binge drinkers. For both categories, the Vietnamese men had the highest rate of current smokers; it was 55.3% (95% CI, 28.5-82.1) and 30.7% (95% CI, 16.2-45.2) for binge and non-binge drinkers, respectively. Table 4 shows the distribution of alcohol consumption status by ethnicity from pooled CHIS data between 2001 and 2003. Current drinkers were defined as those who responded yes to alcohol consumption within the past month. The distribution of each ethnic subgroup for the number of days drank in the past month and the number of drinks per day is tabulated in Table 4. Although Korean men had the highest percentage of people who drink 5 or more drinks per day, the Japanese and Vietnamese men led the rank in terms of the percentage of people who drink 21 or more days in the past month. A similar trend was noted when these percentages were evaluated by age group (18-49 vs >50-years-old). When we tried to evaluate the alcohol consumption status for current and noncurrent smokers, the percentages of heavy drinkers (those who drink more than 5 drinks/day or more 21 days in the past month) were unstable for all ethnic groups due to the small number of subjects. However, unlike the cigarette data, the relationship between head and neck cancer incidence rate and alcohol consumption in Asian Californians was less clear.
Incidence of Head and Neck Cancers in Vietnamese
by Socioeconomic Status. We evaluated the incidence rate of head and neck cancer in relation to neighborhood-level SES in all Asian subgroups ( Table 5 ). As shown in this table, lower-SES Vietnamese, Filipinos, and Korean men had a significantly higher incidence rate of head and neck cancer than their higher-SES counterparts. Although the overall incidence rate for head and neck cancer was relatively low in Vietnamese women, it was twice as high in the lower-SES group as in the higher-SES group. In general, incidence rates of subtypespecific head and neck cancers were also higher in the lower-SES group and the difference was statistically significant for laryngeal cancers (Figure 1 ).
DISCUSSION
In our population-based analysis, we noted that the incidence rate of head and neck cancer was generally higher in Vietnamese men than other Asian men. Specifically, the incidence rate of laryngeal cancer was significantly higher for Vietnamese men than for those of other Asian ethnicities, except Korean men, and it was as high as that for Hispanic and non-Hispanic white men. These data seem to be consistent with the high prevalence of smoking in Vietnamese men. Although the CCR lacks individual patient-level smoking data, CHIS surveys for Asians in the *Statistically unstable due to the small number of subjects in the category.
-The number of subjects in the category was too small for percentage calculation.
same state showed that Vietnamese and Korean men were more likely than other Asian men to be current or past smokers, followed by Filipino men. Cigarette use most likely contributed to the higher incidence rate of head and neck cancer noted among Vietnamese and Korean men. Our group has previously performed a population-based study of the incidence rates of NSCLC in California Asians between 1998 and 2003 and found that the Vietnamese had the highest rate of these tumors (39.2 per 100,000 person-years) among the Asian populations. 8 These data for NSCLC are also consistent with the high smoking prevalence among the male Vietnamese American population. The relationship between smoking and head and neck cancer may also explain the low incidence rate of these cancers in Vietnamese women because this group has the lowest percentage of current smoker and the highest percentage of former smokers among the Asian subgroups in California. Because alcohol use is another known major risk factor for head and neck cancer development, we also investigated the CHIS database for information on alcohol use for the different Asian ethnic groups in California. The relationship between head and neck cancer incidence and alcohol consumption in these groups is not as clear as that for cigarette use. Although the Koreans had the highest percentage of men drinking 5 or more drinks per day and the Vietnamese had the second highest percentage of men drinking more than 20 days per month, other ethnic groups such as Japanese, Filipinos, and other Asian men were not far behind. The lack of a clear association between alcohol use and the incidence rate of head and neck cancer could be explained in part by the confounding effect of tobacco smoking, which is a stronger risk factor for head and neck cancer than alcohol use, and other unknown confounding dietary and lifestyle risk factors. Presently, the mechanism by which ethanol enhances head and neck cancer risk is unclear. Although ethanol may increase head and neck cancer risk directly through some topical carcinogenic effects and/or indirectly by enhancing the effects of other carcinogens such as tobacco, it has not been found to readily induce head and neck cancer in animal models by itself. 12 While prior association studies have shown that cigarette smoking was FIGURE 1. Age-adjusted incidence rate (standardized to the 2000 U.S. population) for different head and neck cancer subsites per 100,000 person-years in Vietnamese men by socioeconomic status (* the difference between the incidence rates of larynx cancer for the low and high SES group was statistically significant with p < .01. ** The incidence rate of hypopharynx cancer for the high SES group was not calculatable due to the very small case count).
a strong risk factor for head and neck cancer among never drinkers, alcohol was only a weak risk factor and apparent only at high doses, in the absence of tobacco use. 13 In a large consortium study, only 4% of head and neck cancer cases were thought to be due to alcohol alone, whereas 33% were due to tobacco alone, and 35% were due to tobacco and alcohol combined. 5 Moreover, different types of alcoholic beverage conferred different relative risk for head and neck cancer; while beer and liquor consumption had comparable estimates of head and neck cancer relative risk, wine consumption was associated with a weaker risk.
14 All these confounders may contribute to the lack of a clear relationship between alcohol consumption and head and neck cancer risk in Vietnamese men.
Tobacco use has also been found to be more common in Asian groups with lower education levels and socioeconomic status. 15, 16 Likewise, other risk factors for head and neck cancer, specifically oral cavity, and oropharyngeal carcinomas, include high alcohol consumption, 2, 17, 18 poor dental hygiene, 18 low fruit and vegetable consumption, 3, 19 and HPV infection. 18, 20 Because these risk factors are commonly associated with low SES, [21] [22] [23] we hypothesized that the incidence rate of head and neck cancer in California Asians, specifically in Vietnamese men, would be higher in those of lower SES. Although the CCR does not collect individual patient-level data on SES, we were able to assess neighborhood-level SES based on address of residence and found that, indeed, Vietnamese men and women living in lower-SES neighborhoods had double the incidence rate of head and neck cancer compared to those living in higher-SES neighborhoods. The SES disparity was the largest for laryngeal cancers. Significantly higher incidence of head and neck cancer in the lower-SES group was also noted for Koreans and Filipinos, but not Chinese, Japanese, and South Asians. These findings are consistent with those from a previous report for South Asians in England, which noted a significantly higher incidence of oral cavity and pharyngeal cancer in those living in lower-SES neighborhoods. 24 A recent meta-analysis of 41 studies 15,344 cases and 33,852 controls found that the odds ratio for developing oral cavity cancer was 1.85 for those with lower education levels, 1.84 for those with lower occupational/social class, and 2.41 for those with lower income, when compared to those in the highest SES strata. 25 The association between oral cancer risk and SES was universal across the world, in both high-and low-income countries, and remained significant after adjusting for other potential confounders. These results and the results of the present study suggest that the link between low SES and head and neck cancer development is independent of sex and ethnicity and should be explicitly recognized in future effort for prevention and early detection of head and neck cancer.
Although our study sample size was incomparably large for our population and highly enriched for Asian populations, our study has several major limitations, particularly the lack of individual-level data on tobacco and alcohol use. In addition, the relative rarity of head and neck cancer resulted in small numbers of cases and hence some unstable incidence rates, especially among women and for specific head and neck tumor sites. Although we did have individual data on neighborhood-level SES based on residential address at diagnosis, we did not have information on individual-level measures of SES, such as education and income. While neighborhood-level and individual-level SES are correlated, 26 the 2 groups of measures capture different types of exposures that are independently associated with health outcomes. 27 Therefore, our findings in relation to SES must be interpreted cautiously, as neighborhood-level measures of SES capture both aspects of individuals within the neighborhood as well as characteristics of the neighborhood itself. 28 Nevertheless, our study does suggest a high prevalence of cigarette use in Vietnamese men and a higher risk of developing cigarette-related head and neck cancer in this population, especially those living in lower-SES neighborhoods. These results suggest that prevention strategies for these cancers in the Vietnamese community will need to start with smoking cessation efforts dedicated to lower-SES Vietnamese men. Such efforts can build on previous studies of smoking cessation and attitudes toward smoking in the Vietnamese community. [29] [30] [31] [32] [33] In particular, it may be useful to evaluate whether raising public awareness of the high rates of head and neck cancer among Vietnamese men is an effective message to help prevent smoking initiation or facilitate smoking cessation in the Vietnamese community.
In summary, we have found a higher incidence rate of head and neck cancer, specifically laryngeal carcinomas, in Vietnamese and Korean men when compared to other Asian ethnic groups in California. The incidence rate was higher in those with lower neighborhood-level SES. Future smoking and alcohol cessation efforts and education on head and neck cancer risks should be targeted to lower-SES Vietnamese men to prevent the development of these debilitating cancers.
